Most of the mechanical and tribological properties of electrospun fiber fabrics are of paramount importance to their utility as components in a large number of applications. Post-spin heat treatment assisted with pressure was used to modify the properties of the electrospun fabrics and to activate the high surface energy. HRTEM showed a formation of graphitic structure with 9.5 nm crystallite size which calculated from Raman breathing modes. Hot-pressed MWCNTs/Carbon fabrics with 130 nm ± 32 nm fibril diameter showed an outstanding flexibility and strength. Also, adding MWCNTs improved tensile strength (from 40 to 60MPa), coefficient of friction (from 0.5 to 0.15) and abrasive mass loss (as low as 0.2 mg has been achieved). The hotpressed electrospun MWCNTs/Carbon nanofibril composite fabrics can be used, by controlling MWCNTs wt%, as a good candidate for both journal bearings (C.O.F. below 0.4 is required) and braking pads (C.O.F. from 0.4 to 0.7 are required).
INTRODUCTION
Electrostatic fiber formation, or electrospinning, offers a particularly simple and robust method to create polymeric nanofibers of various morphologies and sizes, inexpensively and in large quantities. In electrospinning, a viscoelastic fluid is charged so that a liquid jet is ejected from the surface of the fluid (typically supplied by a needle or spinneret) and accelerated by an electric field towards a collector, typically a grounded plate, thus creating a nonwoven fiber mat or membrane [1] . Ali AA et al. [2] activated the high surface energy of the electrospun PAN nano fibers as a cohesive bond to build a firm strong precursor carbon nano fibers fabric. Also, it uses the high degree of entanglement inside the nano fibrous structure to gain a higher degree of flexibility in the produced fabric. Optimum electrospinning conditions by using response surface methodology (RSM) have been recalled from previous work to produce MWCNTs/PAN nanofibril composites.
The as electrospun fabrics have been heat treated through two steps; stabilization at 220°C and, carbonization at 380°C [3] . Polyacrylonitrile (PAN) and polyvinylpyrrolidone (PVP) solutions incorporated with multi wall carbon nanotubes (MWCNTs) and NiZn ferrite (Ni0.6Zn0.4Fe2O4) nanoparticles were electrospun at various weight percentages, and then thermal conductivity values of these nanocomposite fibers were determined using a comparative method. During the electrospinning process, system and process parameters, such as concentrations, applied voltage, tip-to-collector distance, and pump speeds were optimized to receive the consistent nanocomposite fibers [4] . Mesopore-enriched activated carbon nanofiber (ACNF) mats are produced by incorporating vanadium (V) oxide (V2O5) into polyacrylonitrile (PAN) via electrospinning, and their electrochemical properties areinvestigated as an electrode in supercapacitors [5] .
Yeon-Joo Kim et al. [6] indicated that the non-woven PAN separator has many advantages over the PE separator, which, in turn, contribute to superior cell performances. Therefore, the PAN nonwoven membrane can be the most promising candidate for separators of the next generation of lithium-ion battery if the problems to be stated will be solved. Zhang et al. [7] found that the sliding velocity plays significant roles on the tribological characteristics by influencing the interface temperature and strain rate of the polyether-ether-ketone surface layer involved in the friction process, and the applied load influences the tribological performance by varying the strain range in the surface layer. Electrospun nanofibers have been reported to exhibit some remarkable increases in elastic stiffness and yield stress for fibers below a critical diameter, whose value varies from material to material [8] . The origin of these increases in fiber mechanical properties remains a topic of some debate. Regardless of the diameter-dependent changes in fiber properties, the asspun mats tend to exhibit consistently low yield stresses (typically 0.5-3 MPa), Young's moduli (typically 20-60 MPa) and toughnesses (typically 0.5-2 MJ/m3) [9] ; as-spun untreated nanofiber mats also exhibit low mechanical resilience (<50%) even at small strains of less than 0.02 mm/mm [10] .
Recently, several research groups have demonstrated significant improvements to the Young's modulus and yield stress of electrospun polymeric fiber mats by various forms of post-spinning techniques such as thermal annealing [11] , mechanical drawing [12] , hot pressing [13] , and solvent vapor treatment [14] . Subjecting a semi-MS Proceedings of the 16 th Int. AMME Conference, 27-29 May, 2014 crystalline polymer fiber to heat treatment at a temperature above the crystallization temperature (Tc) of that fiber, but below the equilibrium melting temperature (Tm) of the polymer, can cause the melting of small, imperfect crystals, and the formation of larger, more perfect crystals within the fibers, thus creating a stiffer and tougher matrix [15] . With some amorphous polymer nonwovens, annealing has been shown to allow air or gas pockets within the fibers to diffuse out, creating stronger more uniform fibers [16] .
Investigation of the tribological properties of textiles and fabrics is not unprecedented; Derler et al. measured the friction coefficient and hardness of conventional textiles in contact with human skin equivalents [17] , and Gerhardt et al. measured the frictional properties and contact pressure of skine fabric interactions, for example [18] . Guo-ming Lin et al. [19] indicated that the wear rates of the hybrid composites decreased with the increasing applied load and sliding distance under water lubrication, low friction coefficient and low wear rate could be achieved at high sliding velocity. Matthew M. Mannarino [20] studied The mechanical and tribological properties of electrospun PA 6(3)T fiber mats and concluded that the average fiber diameter of 463 ± 64 nm. Post-spin thermal annealing was used to modify the properties of the fiber mats. Morphological changes, in-plane tensile response, friction coefficient and wear rate were characterized as functions of the annealing temperature. The Young's moduli, yield stresses and toughnesses of the nonwoven mats improved by two-to ten-fold when annealed slightly above the glass transition temperature, but at the expense of mat porosity. The coefficient of friction and the wear rate decrease by factors of two and ten, respectively, under the same conditions. T. Policandriotes [21] concluded that the goal in aircraft brake friction materials is to maintain a high and stable friction level and reduce oxidative wear. A high stable friction level in the range of 0.4-0.7 is desired in all brake conditions. Wear in C/C is due mostly to oxidation of the carbon fiber and carbon matrix. This oxidation increases abrasive wear and reduces friction. A selection of nanoadditives is therefore impregnated into the open porosity of commercial C/C to reduce oxidation and increase friction.
In this paper, MWCNTs has been used to improve the mechanical and tribological properties of as electro-spun PAN nano fabrics. Also, hot-pressing technique has been introduced to enchance prosity and to reduce fiber diameter as well as to activate surface energy a compared with nanofibers.
EXPERIMENTAL WORK Materials
Polyacrylonitrile (PAN) of 150000 g/mol molecular weight from Aldrich catalog no. 
Electrospinning
The electrospinning setup has been assembled in our lab. The PAN/DMF-CNT polymer solution was poured to fill a clean syringe of 10 ml volume. The syringe was connected to a metal tube of orifice inner diameter 0.9 mm. The metal tube was connected to the power supply at 25kV of positive potential. A metal screen collector of 15x15 cm dimensions was centered horizontal at a 20 cm distance away from the orifice of the metal tube and covered with aluminum foil. The electrospun fibers were collected for about 8 hours.
Heat Treatment Stabilization
About 2 cm from each side of the collected fiber mat was trimmed then the fabric was placed in between two aluminum plates of 110x105 mm dimensions and 10 mm thickness after being covered with aluminum foil. The mold with the fabric in between was placed in a hot press set to reach 220oC with no applying pressure for 1 hour until the plate's temperature reached the maximum set temperature. Then 1 metric ton was applied for another one hour. The hot press was then allowed to cool down for another 1 hour while keeping the pressure on until it reaches 100oC then the pressure was released completely from the fabric except the weight of the upper aluminum plate until it cooled down to room temperature. Also, the morphological behavior of the nano fibers before and after hot pressing has been investigated using SEM.
Carbonization
Hot pressing in isolated medium from environmental air for 3 hour in between single plate and double aluminum foils with 5000Kg at 380 • C pressure released after cool down to 100
• C.
Characterization
Electron microscopy Scanning electron microscopy (SEM, JEOL JSM-5600LV) in the Central Laboratory for Elemental and Isotopic Analysis (Atomic Energy Authority Nuclear Research Center, Egypt) was used to characterize the fiber morphology, average diameter and its distribution of the resultant PAN/MWCNTs nanofibers. Transmission electron microscopy (HTEM) (JEOL model JEM 2100) in Petroleum research Institute, Egypt) was used to investigate the morphologies of the pristine and the MWNTs as well as the alignment of the MWNTs in the resulting PAN/MWNTs composite nanofibers.
Raman spectroscopy
The Raman spectra were recorded with a Raman spectrometer (FT/IR-6300typeA), and the spectral resolution was 16 cm 
Tensile test
Five tensile samples of approximately 60mm length and 5mm width have been cut from the hot-pressed nano fibroses fabric. Each sample has been weighted by 3 digits balance. Zwick UTM machine with 500N maximum load cell and 1µN accuracy has been used.
Tribology characterizations
Friction force measurements were taken at a series of normal forces ranging from 0.25 to 3.5 N, at a testing speed of 0.14 m/s. (GUNT HAMBURG TM 260.03 MODULE PIN ON DISC) used in the abrasive wear testing experiments. The effective radius of the disk was 40 mm and testing was performed at 60rpm. Test samples were prepared by carefully cutting out 10 mm diameter circles from an electrospun fabric, stabilized and carbonized and attaching them to the adhesive side of a 10 mm diameter Polyken® 339 duct closure foil. This prevents the fabrics from bunching up or shifting during testing. Number of cycles has been used 60, 120, 300, 480,720, 1020 and 1200 with all 18 samples. Figure 1 shows SEM pictures of the fiber diameters and its patterns for the as electrospun PAN, stabilized and hot-pressed one. It has been found that; the fiber kept its morphological behavior after both stabilized and hot pressing. Also, the measured average fiber diameter shown in Fig.1a found to be 194 nm± 34 nm for the as-electrospun, 145±38nm for stabilized as shown in Fig.1b and 140 nm± 50 nm for the hot pressed as shown in Fig.1c . Also, as shown in Fig. 1d MWCNTs/PAN average diameter of nano fibril composite found to be 183 nm ± 32 nm for aselectrospun, 151±32nm for stabilized as shown in Fig.1e and 130 nm ± 32 nm for the hot pressed as shown in Fig.1f . The electrospun MWCNTs/PAN fibril composite fabric was observed by high resolution transmission electron microscopy (HRTEM). HRTEM images show MWCNTs bundle with diameter of 14 nm wrapped by PAN wass aligned along the fiber axis (Fig.2a &b) . Fig.2c proved a formation of 2-D graphitic structures of 0.333nm lamella thickness. Also Fig.2d diffraction pattern of the sample shows a high level of crystallinity for the hot-pressed nanofibril composite fabrics.
RESULTS AND DISCUSSION

Morphology Characterizations
Raman Spectra of Electrospun MWCNTs/PAN Nanofibril Composites
Raman spectroscopy was conducted on electrospun MWCNTs/PAN nano fibril composite fabrics to study the interaction between MWCNTs and PAN during hot pressing. In Fig.3a the spectra of the electrospun PAN nano fiber diameters without any MWCNTs reinforcements before and after heat treatments showed the increase in the carbon contents within the sample as the heat treatments took place. For the stabilized and carbonized steps a two peaks at 1360 and 1580 cm -1 approximately show D and G breathing modes respectively from which crystallite size can be calculated. An increase in the G band intensity was detected in the carbonized step, which indicates more ordered structure than the stabilized one. From Fig.3b shows the evident of the presence of MWCNTs in the electrospun PAN nanofibers by detecting a larger peak as MWCNTs wt% increases compared with as electrospun pure PAN shown in Fig.3a . Also, Fig.3b for stabilized fabrics showed a peak started MS Proceedings of the 16 th Int. AMME Conference, 27-29 May, 2014 to appear as more heat treatment took place which indicates a higher order structure more than as electrospun one. The crystallite size was also calculated by using the empirical formula, La = C (λ)*(Ig/Id), where La is the crystallite domain's size and C is a function of the laser wavelength (C(λ) = 4.4 nm), I D and I G are the D and G peak intensities [22] . The results are listed in (Table 1) as observed in Fig.(4) , the crystalline domain's size for pure PAN increased from 3.69 to 6.75 at stabilization and carbonization. Also, the crystalline domain's size for CNT/PAN composite fiber increased from 6.14 to 9.56 nm. 
Mechanical Properties Results
The stress-strain behavior of five samples has been tested and shown in (Fig. 5a) , the elastic-plastic behavior of the samples was similar to the behavior of many other materials such as metals and polymers and was not similar to the behavior of commercial in-plane random fiber fabrics that affected by the orientation of their fibers in the applied force direction. The measured maximum and minimum tensile strength for the hot pressed samples found to be 63.2MPa and 55.6MPa simultaneously while the measured average tensile strength for the as electrospun fabric samples found to be equal 8.7MPa with 3MPa standard deviation. Also, (Fig. 5b) hot-pressed electrospun MWCNTs/PAN nanofibril composite fabrics showed an elastic characteristic with firm and strong behavior of 60MPa fabric strength. The increase in MWCNTs decreases tensile strength due to more delamination and brittle fractures that has been detected as shown in Fig.6 . Fig.7 shows that as the MWCNTs% by weight increases the modulus of elasticity value increases. Also show that the th Int. AMME Conference, 27-29 May, 2014 measured modulus values fond to be in the range between 3-4 GPa for the hot pressed nano fibril composite fabrics is the measure of the physical bond between nano fibers and the fiber characteristics itself.
Tribology of Electrospun Fabrics
Electrospun nano fiber and nanofibril composite fabrics are typically fragile and susceptible to wear and delamination even under conditions of gentle handling. This is a concern for the post-spin processing as well as the end-use of such mats and could be a critical limitation to their service lifetime. To quantify this behavior, the coefficient of friction was measured using a standardized testing rig (GUNT HAMBURG TM 260.03 MODULE PIN ON DISC) for each of nanofiber fabrics, aselectrospun, stabilized and hot-pressed. A plot of the coefficient of friction vs. the normal force is shown in Fig. (8a-8c) ; note that there is a modest decrease in the coefficient of friction with increasing normal force at low loads, but that above 2 N, the coefficient of friction is approximately constant, especially for the samples at stabilized or/and hot-pressed. Also the coefficient of friction decrease with increasing addition of MWCNTs. Mean friction coefficients at 1 N load decreases from 1. 
CONCLUSION
We have prepared MWCNT/PAN nanofiber fabrics by using electrospinning method. The fabric was further stabilized and hot-pressed in vacuum at different temperatures. Morphological characteristics of the hot-pressed fabrics showed a decrease in average fiber diameter from 194 nm ± 34 nm to 140 nm ± 50 nm. Also, adding MWCNTs from 1 wt% to 5 wt% decreases the average of nanofibril composite diameters and its standard deviation from 140 nm ± 50 nm to 130 nm ± 32 nm for the hot pressed one. HRTEM showed a formation of 2-D graphite structure. The crystallite size of such structure has been calculated by using Raman spectroscopy and showed a value of 9.6 nm for the hot-pressed 5wt% MWCNTs/carbon nanofibril composite fabric which is double the reported value of commercial high modulus carbon fibers. Mechanical properties showed increases in tensile strength values from 45 MPa to 63 MPa for hot-pressed fabrics without and with 5 wt% MWCNTs respectively. For hot-pressed MWCNTs/carbon nano fibril composite fabrics a coefficient of friction as low as 0.15 and abrasive mass loss of 0.2 mg have been reported which can be used as a good candidate for journal bearing applications. Also, coefficient of friction as high as 0.7 and abrasive mass loss of 0.75 mg has been reported which can be used as a good candidate for braking pads.
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